
-iD-0i48 419 HEPUTCEFTIEESS.OF CRVOPRESERVED, RUTOLOGOUS i/i
PLATELETS IN THE TR. (U) BOSTON UNIV MA SCHOOL OF
MEDICINE A J MELARAGNO ET AL. 08 APR 82 BUSH-82-06

UNCLSSIFI @9914-?9-C-8168F/6 6/1 NL

mohEmhhEEEEohE



lilA -,i__-

IIII2 _. A

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAJ OF STANDARDS- 1963-A

.- ' ' - ' ' o " o ' ' " " 0 * " " ' • " '. ' * • - - " . . " • - - - . . • • .

a.. ,. , . ',.. . .. ., / . , ',." ,.,. ¢...., , ,.., . " , .' ." .,. - .' . ., . ." . ".." , .. .--



OFFICE OF NAVAL RESEARCH

CONTRACT N00014-79-C-0168

C' "

TECHNICAL REPORT NO. 82-06

THERAPEUTIC EFFECTIVENESS OF CRYOPRESERVED AUTOLOGOUS PLATELETS

IN THE TREATMENT OF THROMBOCYTOPENIC DOGS

by

A. J. MELARAGNO, A. J. DOTY, J. DITTMER, J. J. VECCHIONE

AND

C. R. VALERI

NAVAL BLOOD RESEARCH LABORATORY
BOSTON UNIVERSITY SCHOOL OF MEDICINE

615 ALBANY ST.

BOSTON, MA 02118

DTIC".
SELECTE

APR25 684
8 April 1982 

2

D

Reproduction in whole or in part is permitted for
any purpose of the United States Government

Distribution of this report is unlimited.

,-.C FILE O 84 04 23 022
i;!i :.. . . .- .- . .- .. . . . ........ . . ,. -*.-- .--.-. .;. . ...--. :.- .---. .- :X:. - - . x - - - .'- ... *-; .: .-;: ,:!



UNCLASSIFIED

;F~u 'ITY CLASSIFICATION OF THIS PAGE (*'hen Data Entered)___________________ I
READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

I. REPORT NUMBER 12. GO0VT ACCESSION No. 3. RECIPIENT'S CATALOG NUMBER

NBRL, BUSM 82-06
A. TITLE (and Subtitle) 5. . TYPE OF REPORT &PERtOO COVERED

THERAPEUTIC EFFECTIVENESS OF CRYOPRESERVED TcnclRpr
AUOOOSPLATELETS IN THE TREATMENT OF_______________

THRMBCY'OENC6.G 
PERFORMING ORG. REPORT NUMBER%

7. AUTH~OR(*) 8.CONTRACT OR GRANT NUMBER(s)

Anthony J. Melaragno, Alan J. Doty, John Ditetner 0 179 18
John J. Vecchione, and C. Robert Valeri N01-9C06

5PERFORMING ORGANIZATION NAME AND ADDRESS 0.ROAMELEMENT, PROJECT. TASK(

* . ~Naval Blood Research Laboratory AE OKUI UBR

Boston University School of Medicine i'.'.

615'Albany St., Boston, MA 02118,
I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Naval Medical Research and Development Command 8 April 1982
Bethesda, Maryland 20014 13. NUM13ER OFPAGES

* 14. MONITORING AGENCY NAME a ADORESS(iI dilferant from COntrolllnj Office) 15. SECURITY CLASS. (of this report)

Bureau of Medicine and Surgery UCASFE
Depatmen of he Nvy5a. DECLASSIFICATION/ DOWNGRADING

Washington, D. C. 20372 SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

Approved for public release and sale. Distribution unlimited.

* 17. DISTRIBUTION STATEMENT (of the abs.rsct entered In~ Block 20, It different from, Repot)

18. SUPPLEMENTARY NOTES

1. ff W^ r -3fl -. raveaea aide if naceeeery and identify by block number)
Thrombocytopenia Survival
Cryopreservation Dimethyl sulfoxide
Platelets Irradiation
Freeze-preservation

2, ABSTRACT (Continue on reveree, side if noceeeety and Identify by block number)

\JCanine platelets were preserved in the frozen state with 6% DMSO in a -80 C%
mechanical freezer. The recovery of platelets after the freeze -thaw-was h
procedure was about 70%, and posttransfusion recovery values were about 40%
those of fresh platelets. The washed previously frozen platelets were
hemostatically effective in supporting lethally irradiated dogs through
prolonged periods of thrombocytopenia.,

DD IJN31473 EDITION OF I NOV 65 IS OBSOLETE UNCLASSIFIED
SN0102-LF .014.66 01

SECURITY CLASSIFICATION OF THIS PAGE (mien Date Entered) ..

* 74



" .'

1.

INTRODUCTION

Following the successful cryopreservation of canine platelets

with a glycerol-plasma solut on (2), several other investigators used

5 to 6% DMSO as the cryoprotectant for freezing and storing human

platelets at -80 C or -150 C, with successful results (4,5,7,8,10,11).

In our study reported here, canine platelets frozen with 6% DMSO

and stored at -80 C were autotransfused to healthy dogs to make survival

measurements, and to thrombocytopenic dogs that had received whole

body irradiation to evaluate therapeutic effectiveness.
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2.

METHODS

Collection of Blood

Healthy non-splenectomized Beagle dogs, weighing 10 to 15 kg, were

studied. All studies were performed without sedation or anesthesia.

On 13 separate occasions, a 200 ml sample of blood was collected

in 30 ml of acid-citrate-dextrose (ACD) anticoagulant from each of 5

dogs for preparation of a platelet concentrate. Before blood collection,

a 37.5 ml volume of the 67.5 ml volume of ACD anticoagulant (NIH,

Formula A) was removed from the primary bag of the triple polyvinyl-

chloride (PVC) plastic collection bag system (PL-146) (Fenwal Laboratories,

Deerfield, IL); this was done to maintain a blood-to-ACD ratio of 6.7:1.

After phlebotomy the dog was given about 150 ml of a 0.9% sodium chloride

solution to maintain the blood volume.

Isolation of Platelets From a Unit of Blood

Using serial differential centrifugation with a Sorval RC-3

refrigerated centrifuge (DuPont Instruments, Newtown, CT), the platelet

concentrate was prepared from the blood sample at 22 t 2 C. The blood

was spun at 800 g for 2.5 minutes, and a plasma expressor was used to

remove the platelet-rich plasma (PRP) into one of the two transfer packs

integrally attached to the primary collection bag. The concentrated

red blood cells were returned to the dog. The PRP was centrifuged at

4500 g for 5 minutes to concentrate the platelets, and all but 30 ml

of the platelet-poor plasma (PPP) was expressed from the platelet

concentrate into the integrally attached transfer pack. The platelet

S. ,*
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concentrate was kept undisturbed at room temperature for 30 minutes,

after which it was resuspended gently by manual agitation. Before

autotransfuslon of the fresh platelets, they were labeled with Cr so

that posttransfusion survival could be measured.

Isolation of Platelets By Discontinuous-Flow Centrifugation Using the

Haemonetics Blood Processor 30

Platelets were obtained from three dogs by plateletpheresis prior

to treatment with 800 rads of whole body irradiation and were frozen

for subsequent autotransfusion. Red cells and bone marrow also were

cryopreserved prior to irradiation and were used subsequently to treat

anemia, thrombocytopenia, and bone marrow aplasia.

The Haemonetics Model 30 discontinuous-flow Blood Cell Separator

(Haemonetics Corp., Braintree, MA) was used for the plateletpheresis

process. Platelet-rich plasma containing red blood cells was collected

in a 125 ml pediatric bowl. A volume of ACD, Formula A, equivalent to

7.5% of the volume of the platelet-rich concentrate, was added and the

mixture was centrifuged at 160 q for 10 minutes. The platelet-rich

plasma now free of red blood cells was expressed into a transfer pack. S.

The platelets were concentrated by centrifugation at 4500 g for 5 minutes,

and all but 30 ml of the platelet-poor plasma was expressed from the

platelet concentrate into another transfer pack. The platelet-poor

plasma was frozen at -20 C for subsequent use. The platelet concentrate

was kept undisturbed at room temperature for 90 minutes, and before cryo-
ps[i~i preservation was gently resuspended by manual agitation. "

-'-
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4.

Cryopreservation of Dog Platelets

Platelets were isolated either from a unit of whole blood or from a

healthy donor by plateletpheresis using the Haemonetics Blood Processor 30.

A 30 ml volume of platelet concentrate was placed on a modified Eberbach

shaker. A 30 ml volume of 12% DMSO-plasma solution, prepared prior to

use by adding the DMSO slowly to the plasma to avoid heat production, was

added to the platelet concentrate over 30 minutes with mixing at 180

lateral oscillations per minute. The resultant 60 ml volume of platelet-

plasma-DMSO mixture was transferred to either a 200 cm2 polyolefin

plastic freezing container (Delmed) or a 300 ml PVC plastic transfer pack

(Fenwal). This was placed in an aluminum container and frozen at a rate

of 2 to 3 C per minute in a Harris -80 C mechanical freezer. The platelets

were stored frozen at -80 C for as long as 7 months.

. The frozen platelets were thawed in a 42 C water bath for about 2.5
51

minutes, after which 300 uCi of Na2 Cr04 (Squibb Chromotope) was added.

The mixture was incubated at room temperature for 30 minutes. The 51Cr-

labeled platelets used in 5 of the autotransfusions were washed by rapid

dilution with 100 ml of a solution composed of 0.9% NaCl, 0.2% glucose,

and 80 mg% inorganic phosphorus with a pH of 5.0. The 51Cr-labeled

platelets used in 4 other autotransfusions were diluted in a stepwise

fashion, first with 30 ml of the sodium chloride-glucose-phosphate solution

over a 20-minute period with agitation, followed by two successive 10-

minute periods of equilibration with agitation, and then addition of the

remaining wash solution over a 10-minute period. Both the rapidly diluted

and slowly diluted platelet mixtures were centrifuged at 4500 g for

% %.



5.

5 minutes. All the visible supernatant was removed, and the platelets

were resuspended in 30 ml of sodium chloride-glucose-phosphate solution

until the time of autotransfusion.

Platelet counts by phase microscopy were used to quantitate the

freeze-thaw-wash recovery values. The platelet recovery in vitro was

determined by dividing the total number of platelets surviving the

freeze-thaw-wash procedure by the total number of platelets frozen.

Four healthy dogs received autotransfusions of fresh platelets

labeled with 300 uCi of N51 CrO4 . After addition of the 51Cr to these

platelets, they were incubated at room temperature for 30 minutes, and

then were diluted rapidly with 100 ml of the sodium chloride-glucose-t..

phosphate solution. After centrifugation at 4500 g for 5 minutes, all

the visible supernatant was removed. The platelet concentrate was

resuspended in 30 ml of the sodium chloride-glucose-phosphate solution
, .;

until the time of autotransfusion.
iW St

Platelet survival measurements were made in normal dogs as described

by Aster and Jandl (1). Samples were obtained before transfusion, 1 and

2 hours after transfusion, and daily for up to 7 days after transfusion

(11). Blood volume was determined from the plasma volume measured with

.5 
125 1-labeled albumin and the total body hematocrit (9). The peripheral

..I  venous hematocrit was multiplied by 0.89 to calculate the total body

hematocrit (3).

The lifespan of the platelets was estimated from the disappearance

of radioactive 51Cr from the recipient's circulation. The T50 value

refers to the time (in days) in which 50% of the radioactivity present

" """- "4 -- '-.'.--' " ----
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2 hours after infusion is removed from the circulation.

Therapeutic Transfusion of Cryopreserved Platelets

A total of 22 autologous transfusions of washed previously frozen

platelets were studied in three lethally irradiated thrombocytopenic

dogs at a time when platelet counts were less than 10,000/nun3 . The

platelet concentrates had been prepared and frozen before the dogs were

treated with 800 rads whole body irradiation.

Following irradiation, the dogs were placed in a clean room and

treated with fluid by clysis, and with oral and parenteral antibiotics.

In addition to the autologous cryopreserved platelets, the dogs also

were given autologous transfusions of washed previously frozen red blood

kcells and 1-4 X 109 washed previously frozen autologous bone marrow cells
to repopulate their bone marrow (Figures 1-3).

Platelet recovery in vivo was determined as follows:

(Pit Ct posttransfusion-Plt Ct pretransfusion) X lO3 X VooudRecoveryTotal No. Plts Transfused Volum(ml)

Total blood volume was measured prior to irradiation. The thera-

peutic effectiveness of the cryopreserved platelets was assessed by

clinical bleeding and occult blood in the stool.

.%
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RESULTS

The cryopreserved platelets prepared from individual units of whole

blood had freeze-thaw-wash recovery values of 67 ± 20% (n = 5) when

washed by the rapid-dilution method, and values of 65 f 19% (n = 4)

when washed by the slow-dilution method. Plateletpheresed cryopreserved

platelets, isolated by discontinuous-flow centrifugation in the

Haemonetlcs Model 30 Blood Processor, had freeze-thaw-wash recovery

values of 71 ± 17% (n = 22) whether the rapid-dilution or slow-dilution

wash method was used.

Studies of a total of 22 autotransfusions of washed previously

frozen platelets to three thrombocytopenic dogs showed a mean in vivo FIG.1

recovery value of 30 ± 17% (n = 22). The responses to the platelet FT933

autotransfusions in these dogs are shown in Figures 1-3. Platelet FIG. 38

counts increased in relation to the number of platelets infused.

Results were similar whether the platelets were isolated from units of

whole blood or isolated by plateletpheresis by discontinuous-flow

centrifugation with the Haemonetics Model 30, and whether the platelets

were frozen in polyolefin plastic bags or in PVC plastic bags.

Platelet lifespans assessed by platelet counts in thrombocytopenic
.4-.

dogs were shorter than platelet lifespans measured by a 51Cr labeling

procedure in normal dogs.
None of the three thrombocytopenic dogs supported with 22 auto-

transfusions of washed previously frozen platelets had any episodes of

hemorrhage or sign of occult blood in the stools. In two of the dogs,

.4%.%
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washed previously frozen platelets were autotransfused until bone marrow

reconstitution was complete; the third dog died of sepsis while still

leukopenic.

During the first 2 hours after autotransfusion of fresh 51Cr-labeled

platelets to normal dogs, recovery values were about 82%; the lifespan

was about 8 days with a linear removal rate and a T50 value of about 4

days (Figure 4). When platelet concentrates isolated from units of blood FIG. 4

were frozen with 6% DMSO and stored at -80 C, thawed, washed by either

the slow or the rapid dilution procedure, and autotransfused to normal

dogs, in vivo recovery values were about 33%; the lifespan was about 8

days with a linear removal rate and a T50 of about 3 days (Figure 4).

There was an insignificant difference (p)0.l) in the mean in vivo

recovery value between platelets washed by the rapid dilution method

(36 ± 11%, n - 5) and those washed by the slow dilution method (28 ± 10%,

n 4).

Ib4).
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DISCUSSION

Canine platelets have been frozen with 6% DMSO and storage at -80 C

with satisfactory results. In vitro freeze-thaw-wash recovery values

were similar to values reported from studies of human and baboon platelets

frozen in a similar manner, but in vivo recovery values were lower than

those reported for human and baboon platelets frozen in a similar manner

(6,10). The thawed canine platelets in the study reported here were

washed with a phosphate-buffered sodium chloride-glucose solution instead

of the DMSO-ACO-plasma solution that has been used to wash human and

baboon platelets (6,10), and this may explain our lower in vivo survival

values.

Kim and Baldini (4) have reported improved posttransfusion survival
values when the plasma wash solution was added gradually to thawed human

platelets, but we observed no significant differences in in vitro or in

vivo recovery values whether the wash solution was added gradually or

rapidly to the previously frozen dog platelets.

The transfusion of autologous washed previously frozen platelets

produced acceptable increases in platelet counts in thrombocytopenic

dogs and maintained normal hemostasis. The lifespan of the transfused

platelets was shorter in the thrombocytopenic dogs than in normal dogs,

and this shortened lifespan was associated with fever, leukopenia, and

sepsis.

Canine platelets frozen with 6% DMSO at -80 C and washed before auto-

transfusion to thrombocytopenic dogs increased platelet counts and

maintained hemostasis.

"4
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SUMMARY

Canine platelets were preserved in the frozen state with 6% DMSO

in a -80 C mechanical freezer. The recovery of platelets after the

freeze-thaw-wash procedure was about 70%, and posttransfusion recovery

4' -values were about 40% those of fresh platelets. The washed previously

frozen platelets were hemostatically effective in supporting lethally

irradiated dogs through prolonged periods of thrombocytopenia.

der e we

%' a..

,,. 5.o.*

,

-- a .,

,l.a.'.-.

" ' 3 -"' . . '' M 
%
' 

'. ""
'. ''. ' ' ''"" W. '= ( ''._-:. ,'%" . _im m ~ : iwa. w . . i , °%...""." ","° -". . . . .- "

" "
-"." "."a ". ' .". ."- ' '-"- .* .. . "". 

,"
..



.4-

AC KNOWL EDGMENTS

- The authors acknowledge the assistance of Marilyn Leavy and Cynthia

Valeri.

.4.

9-.
9".

'a'

a-.

9.w

'°°°

a-

.%.

* '.1'



12.

REFERENCES

1. Aster, R.H. and Jandl, J.H. Platelet sequestration in man. I.

Methods. J. Clin. Invest. 43, 843-855 (1964).

. 2. Cohen, P. and Gardner, F.H. Platelet preservation. II. Preservation

of canine platelet concentrates by freezing in solutions of glycerol

plasma. J. Clin. Invest. 41, 10-19 (1962).

3. Contreras, T.J., Lindberg, J.R., Lowrie, G.B., Pivacek, L.E., Austin,

R.M., Vecchione, J.J., and Valeri, C.R. Liquid and freeze-

preservation of dog red blood cells. Transfusion 19, 279-292 (1979).

4. Kim, B.K. and Baldini, M.G. Preservation of viable platelets by

freezing. Effect of plastic containers. Proc. Soc. Exp. Biol. Med.

142, 345-350 (1973).

5. Kim, B.K., Tanoue, K., and Baldini, M.G. Storage of human platelets

by freezing. Vox Sang. 30, 401-411 (1976).

6. Melaragno, A.J., Abdu, W., Katchis, R., Doty, A., and Valeri, C.R.

Liquid and freeze preservation of baboon platelets. Cryobiology

18, 445-452 (1981).

7. Murphy, S., Sayar, S.N., Abdou, N.L., and Gardner, F.H. Platelet

preservation by freezing. Use of dimethylsulfoxide as cryoprotective

agent. Transfusion 14, 139-144 (1974).

.. *-



- 6- - .F_ - -. --... . -- *7

13.

8. Schiffer, C.A., Aisner, J., and Wiernik, P.H. Frozen autologous

platelet transfusions for patients with leukemia. N. Engl. J. Med.

299, 7-12 (1978).

9. Valeri, C.R., Cooper, A.G., and Pivacek, L.E. Limitations of measuring

blood volume with iodinated I 125 serum albumin. Arch. Intern. Med.

132, 534-538 (1973).

10. Valeri, C.R., Feingold, H., and Marchionni, L.D. A simple method for

freezing human platelets using 6% dimethylsulfoxide and storage at

-80 C. Blood 43, 131-136 (1974).

11. Vecchione, J.J., Chomicz, S.M., Emerson, C.P., and Valeri, C.R.

Cryopreservation of human platelets isolated by discontinuous-flow

centrifugatlon using the Haemonetics Model 30 Blood Processor.

Transfusion 20, 393-400 (1980).

a;..-

5, a

A¢,r ',4' £ '.£ '_'; ¢ Z '""', -.''', ,., , . .; ,' . -2'' .2'. - ""'. .i ."% , , .,". -"- ". . - , ' ' ']

.4.., -, , .,,, , ,, . . ., , ", , ,, .'. :, ,,, " .,. a,' ,l _ -,' ,% % ,. ' .-, , -' ' , . ' ' ',' ,



14.

FIGURE 1

Clinical course of lethally irradiated dog beagle #6 treated with

autologous and homologous washed previously frozen blood components

during marrow reconstitution.
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FIGURE 2+-

Clinical course of lethally irradiated dog beagle #8 treated with .

autologous washed previously frozen blood components during marrow

recons tituti on. .
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FIGURE 3A

_', Clinical course of lethally irradiated dog Beagle #10 treated with

autologous washed previously frozen blood components during marrow

reconstitution.
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FIGURE 3B

Platelet counts in a lethally irradiated dog after transfusion of

washed previously frozen platelets.
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C51 r survival values of canine autologous transfusions of fresh

platelets and platelets frozen with 6% DMSO at -80 C and washed prior to

Vt autotransfusion.
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